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7	
  billions	
  in	
  2011	
  



University	
  of	
  Oklahoma	
  
Nyambayar	
  Batabayar,	
  Delong	
  Zhao,	
  
Pavel	
  Dorovskoy,	
  Michael	
  Menarguez,	
  
Satya	
  Prabhala	
  
	
  
USGS	
  
John	
  Takekawa,	
  Diann	
  Prosser	
  
	
  
FAO/UN	
  
ScoU	
  Newman,	
  Jan	
  Slingenbergh	
  
	
  
Belgium	
  	
  
Marius	
  Gilbert	
  
	
  
Many	
  in-­‐country	
  collaborators	
  in	
  
China,	
  Mongolia,	
  Bangladesh	
  and	
  India	
  

This	
  NASA	
  Public	
  Health	
  Feasibility	
  project	
  
is	
  built	
  upon	
  our	
  previous	
  and	
  ongoing	
  
projects	
  from	
  the	
  following	
  funding	
  
agencies:	
  	
  
	
  
NASA	
  Land	
  Use	
  and	
  Land	
  Cover	
  Change	
  
Na;onal	
  Ins;tutes	
  of	
  Health	
  
Na;onal	
  Science	
  Founda;on	
  
USGS	
  
FAO	
  

Research	
  Team	
  

Project	
  Overview	
  

Relevant	
  projects	
  that	
  provide	
  
data	
  



From	
  David	
  Quammen,	
  How	
  animals	
  and	
  
humans	
  exchange	
  disease	
  -­‐-­‐	
  Deadly	
  Contact,	
  
National	
  Geographic,	
  10/2007	
  

Global	
  patterns	
  and	
  dynamics	
  of	
  H5N1	
  HPAI	
  (2003	
  –	
  2006)	
  

H5N1	
  has	
  con;nued	
  to	
  
infect	
  poultry,	
  birds	
  and	
  
people.	
  
	
  
As	
  of	
  August	
  29,	
  2013,	
  	
  
A	
  total	
  of	
  637	
  human	
  
cases	
  and	
  378	
  deaths	
  
	
  
~	
  $20	
  billion	
  of	
  economic	
  
damage	
  	
  
	
  
	
  
New	
  H5N1	
  clade	
  2.3.2.1	
  in	
  
China	
  and	
  Vietnam	
  in	
  
2011	
  

Why	
  we	
  study	
  avian	
  influenza	
  A	
  (H5N1)?	
  	
  



H5N1	
  outbreak	
  in	
  wild	
  birds,	
  Qinghai	
  Lake,	
  Tibetan	
  Plateau,	
  China,	
  5/2005	
  

Role	
  of	
  wild	
  birds	
  in	
  avian	
  influenza	
  A	
  
(H5N1)	
  	
  	
  

Bar-­‐headed	
  goose	
  

Are	
  migratory	
  wild	
  birds	
  vic7m	
  or	
  vector	
  
of	
  HPAI	
  H5N1?	
  	
  



GPS-­‐transmi"er	
  to	
  track	
  wild	
  
bird	
  migra7on	
  

Can	
  wild	
  birds	
  carry	
  HPAI	
  H5N1	
  
along	
  migratory	
  pathways?	
  



Ruddy	
  shelduck	
  (Tadorna	
  ferruginea)	
   Bar-­‐headed	
  geese	
  (Anser	
  indicus)	
  

Capture	
  and	
  mark	
  waterfowl	
  to	
  study	
  
their	
  local	
  movement,	
  habitat	
  use,	
  and	
  
migra7on	
  in	
  rela7on	
  to	
  poten7al	
  HAPI	
  
H5N1	
  spread	
  

Satellite	
  telemetry	
  of	
  waterfowl	
  

Qinghai	
  Lake,	
  China	
  

Transmi"ers	
  



QINGHAI	
  2007,	
  
2008	
  

MALI	
  
2007	
   NIGERIA	
  

2007,2009	
  

EGYPT	
  
2009	
  

E	
  MONGOLIA	
  2006,	
  
2008	
  

POYANG	
  2007	
  

HONG	
  KONG	
  2008	
  

S	
  INDIA	
  
2008-­‐2009	
  

N	
  INDIA	
  
2005	
  

KAZAKHSTAN	
  	
  
2007-­‐2008	
  

E	
  INDIA	
  2008	
  

W	
  MONGOLIA	
  2008	
  

NEPAL	
  2005	
  

Track	
  migratory	
  waterbirds	
  through	
  GPS-­‐based	
  satellite	
  
telemetry	
   

from	
  John	
  Takekawa	
  

524 transmitters  
  12 countries 
  24 species 
	
  



There	
  are	
  lots	
  of	
  domes7c	
  free-­‐range	
  ducks	
  in	
  	
  post-­‐
harvested	
  paddy	
  rice	
  fields.	
  
-­‐-­‐	
  Healthy	
  ducks	
  may	
  carry	
  H5N1	
  virus	
  

Role	
  of	
  domes7c	
  ducks	
  in	
  avian	
  
influenza	
  A	
  (H5N1)	
  	
  	
  



GPS	
  receivers	
  to	
  track	
  free-­‐grazing	
  ducks	
  



Domes7c	
  ducks	
  use	
  both	
  paddy	
  rice	
  fields	
  
and	
  natural	
  wetlands	
  



one MODIS pixel in Bangkok area
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One MODIS pixel in Mekong basin

Month in 2004
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  2004	
  

Mapping	
  Croplands	
  and	
  Wetlands	
  



Tradi;onally,	
  free-­‐grazing	
  duck	
  system	
  is	
  closely	
  coupled	
  with	
  mul;ple	
  paddy	
  rice	
  cul;va;on,	
  
which	
  provides	
  foods	
  and	
  water	
  year-­‐around	
  for	
  ducks.	
  The	
  paddy	
  rice	
  –	
  duck	
  system	
  
dominate	
  much	
  of	
  Southeast	
  Asia	
  countries.	
  	
  	
  

Epidemiology	
  -­‐	
  Identify	
  hot-­‐spots	
  and	
  hot-­‐times	
  of	
  H5N1	
  HPAI	
  



Predic7on	
  of	
  HPAI	
  H5N1	
  virus	
  rela7ve	
  risk	
  of	
  presence	
  in	
  Thailand,	
  Laos,	
  Cambodia,	
  and	
  
Vietnam.	
  	
  
Spa7al	
  epidemiological	
  model	
  input	
  data:	
  chicken	
  density,	
  duck	
  density,	
  cropping	
  
intensity,	
  human	
  popula7on,	
  and	
  eleva7on	
  (from	
  Gilbert	
  and	
  Xiao,	
  	
  et	
  al.,	
  2008,	
  PNAS)	
  

Risk	
  assessment	
  of	
  infec7ous	
  diseases	
  through	
  spa7al	
  modeling	
  



Food	
  &	
  Agriculture	
  Organiza7on	
  
of	
  the	
  United	
  Na7ons	
  (FAO)	
  
	
  
Animal	
  Produc7on	
  and	
  Health	
  	
  
Division	
  
	
  
	
  
	
  
The	
  Emergency	
  Preven;on	
  System	
  
(EMPRES)	
  for	
  Priority	
  Animal	
  and	
  
Plant	
  Pest	
  and	
  Diseases	
  
	
  
Crisis	
  Management	
  Center	
  

Decision	
  support	
  system	
  in	
  FAO	
  



To	
  develop	
  the	
  OU	
  EOMF	
  data	
  portal	
  and	
  link	
  it	
  with	
  FAO	
  EPRES-­‐i	
  data	
  portal	
  



Project	
  Accomplishment	
  &	
  Deliverable	
  

1.   Data	
  portal	
  at	
  the	
  Earth	
  Observa7on	
  and	
  Modeling	
  Facility	
  

2.   GeoHealth	
  module	
  

3.   Geo-­‐Referenced	
  Field	
  Photo	
  Library	
  

4.   iPhone	
  App	
  for	
  field	
  photos	
  and	
  metadata	
  



GPS	
  camera	
  

Geo-­‐Referenced	
  Field	
  Photo	
  Library	
  	
  
at	
  the	
  University	
  of	
  Oklahoma	
  

(h"p://www.eomf.ou.edu/photos)	
  	
  
A	
   ci;zen	
   science	
   data	
   portal	
   for	
   sharing	
   and	
  
archiving	
   geo-­‐tagged	
   field	
   photos	
   of	
   cropland,	
  
rangeland,	
   forest,	
   wetland,	
   water	
   body,	
   wildlife,	
  
village,	
  urban,	
  fire,	
  drought	
  and	
  flood	
   in	
   the	
  world.	
  
All	
  photos	
  are	
  linked	
  with	
  MODIS	
  satellite	
  images.	
  

Share	
  your	
  field	
  photos,	
  show	
  your	
  footprint	
  
and	
  support	
  monitoring	
  of	
  our	
  planet	
  Earth	
  smartphone	
  



	
  

 

Looking 
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Looking 
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Looking 
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Looking 
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Geo-­‐Referenced	
  Field	
  Photo	
  Library	
  

Protocol	
  for	
  taking	
  photos	
  in	
  the	
  field	
  

Individual	
  photos	
  are	
  linked	
  with	
  7me	
  series	
  
MODIS	
  data	
  (2000-­‐present)	
  



Geo-­‐referenced	
  field	
  photos	
  &	
  satellite	
  
images	
  are	
  used	
  to	
  map	
  land	
  cover	
  types	
  

(Dong	
  et	
  al.,	
  2012a,b)	
  



Global	
  MODIS	
  datasets	
  (2000	
  –	
  present)	
  
Global	
  Geo-­‐Referenced	
  Field	
  Photo	
  Library	
  

Millions	
  of	
  GPS	
  smartphones	
  and	
  educated	
  users	
  

Connec7ng	
  Ci7zen	
  Science	
  and	
  Community	
  Remote	
  Sensing	
  

7	
  billions	
  in	
  2011	
  

Community	
  Remote	
  Sensing	
  and	
  	
  
Ci7zen	
  Science	
  



Smartphone	
  App	
  (iPhone)	
  -­‐	
  FieldPhoto	
  

Launch	
  App	
  &	
  sign-­‐In	
   Take	
  photo	
  in	
  the	
  field	
   Enter	
  meta	
  data	
  



Smartphone	
  App	
  (iPhone)	
  -­‐-­‐	
  FieldPhoto	
  
Share	
  field	
  photos	
   Upload	
  field	
  photos	
  Field	
  photo	
  album	
  



GeoHealth	
  	
  module	
  
Ø  Informa;cs	
  approach	
  to	
  integrate	
  

disparate	
  sources	
  of	
  datasets	
  
Ø  Data	
  visualiza;on	
  

Disparate	
  datasets	
  
§  Highly	
  pathogenic	
  avian	
  influenza	
  

H5N1	
  data	
  
§  Human	
  popula;on	
  
§  Poultry,	
  pigs,	
  	
  
§  Satellite	
  telemetry	
  of	
  wild	
  birds	
  	
  
	
  	
  	
  	
  	
  	
  	
  -­‐	
  Wild	
  bird	
  migra;on	
  
§  Satellite-­‐based	
  mapping	
  of	
  

agricultural	
  land	
  use	
  -­‐	
  paddy	
  rice	
  
§  AIV	
  surveillance	
  data	
  (GenBank,	
  

OpenFlu)	
  
§  Market	
  chain	
  data	
  
§  Geo-­‐tagged	
  field	
  photos	
  
§  Weather	
  and	
  climate	
  



H5N1	
  outbreak	
  cases	
   H5N1	
  cases	
  &	
  wild	
  bird	
  migra;on	
  data	
  



Dynamic	
  overlay	
  of	
  geospa7al	
  datasets	
  
	
  
1.  H5N1	
  outbreak	
  case	
  data,	
  	
  
2.  Wild	
  bird	
  migra;on	
  data,	
  
3.  Agro-­‐ecological	
  risk	
  factors,	
  
4.  Risk	
  maps	
  from	
  spa;al	
  

epidemiological	
  models	
  

GeoHealth	
  module	
  



Broader	
  Impacts	
  of	
  the	
  Project	
  

1.   Community	
  remote	
  sensing	
  and	
  ci7zen	
  science	
  

2.   Campus-­‐wide	
  GIS	
  Day	
  2012,	
  2013	
  at	
  the	
  University	
  of	
  Oklahoma	
  

7	
  billions	
  in	
  2011	
  



The	
  Geo-­‐Referenced	
  Field	
  Photo	
  Library	
  is	
  now	
  used	
  by	
  other	
  projects.	
  	
  

Field	
  Photo	
  Weekends	
  
	
  
CoCoRaHS	
  -­‐	
  15,000	
  volunteers	
  who	
  regularly	
  collect	
  in-­‐situ	
  data	
  of	
  precipita;on	
  
SCIPP 	
  	
  	
  -­‐	
  climate	
  impact	
  research	
  (drought,	
  flood)	
  
EOMF 	
  	
  	
  -­‐	
  web	
  data	
  portal	
  and	
  service	
  

CoCoRaHS	
  

Partnership	
  among	
  scien;sts,	
  stakeholders	
  and	
  ci;zen	
  scien;sts	
  



Since	
  highly	
  pathogenic	
  avian	
  influenza	
  A(H5N1)	
  outbreaks	
  in	
  
China	
  and	
  Southeast	
  Asia	
  in	
  2003,	
  our	
  disease	
  ecology	
  research	
  
in	
  avian	
  influenza	
  has	
  been	
  supported	
  by	
  FAO	
  (2005-­‐2006),	
  NIH	
  
Fogarty	
  Interna7onal	
  Center	
  (2006-­‐2013,	
  R01)	
  and	
  NIH	
  Na7onal	
  
Ins7tute	
  of	
  Allergy	
  and	
  Infec7ous	
  Diseases	
  (NIAID,	
  2013-­‐2017,	
  
R01).	
  	
  
	
  
This	
  NASA-­‐funded	
  feasibility	
  study	
  project	
  has	
  demonstrated	
  the	
  
poten7al	
  of	
  Earth	
  observa7on	
  data	
  and	
  satellite	
  telemetry	
  data	
  
in	
  understanding	
  and	
  modeling	
  transmission	
  dynamics	
  and	
  
spillover	
  risk	
  of	
  avian	
  influenza	
  at	
  the	
  human-­‐animal	
  interface.	
  	
  
	
  
Full	
  integra7on	
  of	
  the	
  EOMF	
  data	
  portal	
  with	
  the	
  FAO	
  EMPRES-­‐I,	
  
with	
  addi7onal	
  support	
  in	
  the	
  future	
  from	
  NASA	
  and	
  other	
  
funding	
  agencies,	
  will	
  be"er	
  address	
  the	
  diverse	
  needs	
  of	
  
researchers,	
  stakeholders,	
  ci7zens,	
  and	
  decision	
  makers	
  for	
  
pandemic	
  preparedness	
  of	
  avian	
  influenza	
  and	
  other	
  zoono7c	
  
infec7ous	
  diseases.	
  	
  

What	
  is	
  next?	
  



Thank	
  you	
  
hUp://www.eomf.ou.edu	
  	
  


